We solve the nonlinear Harry-Dym equation using lattice Boltzmann and a d1q3 lattice velocity scheme. Also, we suppose a sech b solution, resulting several families of solitary wave solutions. We present results for two colliding solutions, using lattice Boltzmann and showing that those exhibits soliton-like behavior.
Introduction
From the early work of Harry-Dym in the seventies and Krushkal [1] , Harry Dym equation (HDEq) has shown a lot of mathematical properties. Among them, we can find integrability, [3] , behaviour like-soliton, because it can be transformed into the Korteweg-de Vries [4] . Also, HDEq has emerged in hydrodynamics problems, [5] . In addition, in the last 30 years we have witnessed the development of a group of analytical methods designed to provide solutions to nonlinear partial differential equations, such as HDEq, called solitary wave behavior, [6] . On the other hand, lattice-Boltzmann (LB) equation gives the spatio-temporal distribution function of an statistical system, showing that is suitable to give answer in a big number of physical problems, [7] - [11] . This work is prepared as follows. Section (2), shows the lattice-Boltzmann model. In section (3), we define the moments of the distributions. Section (4), we get the HDEq. In Section (5), we present the equilibrium distribution function. In addition, section (6) postulates a sech b analytical solution. At last, in section (7), we present results and conclusions.
The lattice Boltzmann model
The lattice Boltzmann equation is given by [7] - [10] :
Here f i (x, t) is the particle distribution and f eq i (x, t) is equilibrium distribution functions, respectively. Also, the position is x, time t, with velocity e i , and ∆t is the time step. τ is a nondimensional relaxation time [11] . Expanding in a Taylor series, the distribution function, up to order fourth, we have:
Doing a perturbative expansion of the derivatives in time in powers of , we get:
And assuming:
Where the temporal scales are defined as:
And the perturbative expansion in parameter of the temporal derivative operator
Replacing eqs. (3) and (6) in eq. (2), we get at first, second and third order in , respectively, the next set of equations:
3 The moments of the distribution
The moments of the distribution function are defined as:
Where δ ij is Kronecker's delta.
The Harry-Dym Equation
Then, summing on j in eq. (7), we obtain:
Taking into account eqs. (10)- (11) and (13), we get:
Summing on j in eq. (8) and multiplying by Figure 1 : The lattice velocity scheme d1q3.
And using the equations (10)- (13) and (15), we have:
Then, summing eq. (15) and (17) and using eq. (6) at second order, we get:
If we chose D as:
Then, eq. (24) is the Harry-Dym equation [1] :
The equilibrium distribution function
We use a d1q3, see figure (1), one-dimensional velocity scheme with e α = {0, c, −c} [7] - [8] . Then, the one particle equilibrium distribution function is defined as:
Analytical solution
We choose in eq. (21), D = 1, then:
Using
The derivatives change like:
Then, replacing in (23)
We suppose a solution
Using b 1 = −2, and defining
The solutions are:
The spatiotemporal, LB, evolution of φ(x, t) using a d1q3 lattice velocity, for two sech −1 eq. (27) initial profiles.
182 2/3 (33)
Using b 1 = −1, and defining 
Conclusions
We solve the general nonlinear Harry-Dym equation using lattice-Boltzmann and a sech b methods. In addition, we get twelve families of solutions using sech b ansatz. Also, those solutions, eq. (23), preserve the superposition principle, fig. (2) . As a future work, the model could be extended to two and three dimensions.
φ(x, t) = Asech −1 (x − ct)
φ(x, t) = Asech −2 (x − ct)
